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A B S T R A C T
Purpose: The prevalence of patients thought to have epilepsywho are ultimately diagnosedwith asystole
or bradyarrhythmias not associated with seizures is currently unknown. We studied a tertiary referral
population to determine the rate of clinically signiﬁcant asystole or bradyarrhythmias in patients being
evaluated for possible epilepsy in 2 inpatient epilepsy monitoring units (EMU).
Methods: A retrospective cohort of 1606 consecutive patients admitted for video-EEG monitoring at
University of New Mexico Hospital from January 2000 to July 2005 and Mayo Clinic Florida from
September 2005 to August 2009 was reviewed for clinical presentation and outcome of video-EEG and
EKG monitoring. All patients included in the ﬁnal analysis (n = 1433) were admitted with a diagnosis of
‘‘possible seizures’’.
Results: Themajority of subjects were under the age of 20 and 10% of subjects were over age 50. The rate
of signiﬁcant cardiac bradyarrhythmias was 0.3% (4/1433). Three of the four subjects with cardiac
arrhythmias had symptom onset in childhood. One subject died during the evaluation.
Conclusions: The rate of patients admitted for video-EEGmonitoring who are ultimately diagnosed with
asystole and bradyarrhythmias not associated with epilepsy is low. Symptom may begin in childhood.
 2010 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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Ictal bradyarrhythmias and ictal asystole are well recognized
phenomena associated with certain epilepsies. They have been the
subject of numerous case reports and case series and have also
been implicated as a possible etiology of sudden unexplained
death in epilepsy (SUDEP).1–6 One prospective study found ictal
bradycardia in 2.1% of recorded seizures.7 A more recent
retrospective study of children found ictal bradycardia occurring
in 3.7% of seizures and 8.2% of subjects.8 These cardiac arrhythmias
are typically associated with complex partial seizures that cause
transient autonomic disturbances.
As seizures can lead to bradycardia, so too can syncope lead to
convulsions. In rare instances, these convulsions are true epileptic
seizures. Battaglia et al. report three cases of children who
suffered syncopal events due to cerebral hypoxia immediately
prior to EEG-conﬁrmed generalized seizures.9 There is also one
case report of vasovagal syncope inducing a seizure in an adult.10
Much more frequently, cerebral hypoperfusion is associated with
non-epileptic convulsive movements, sometimes termed ‘‘con-
vulsive syncope’’.11–13 In fact, 12% of patients with syncope
present this way.14 These patients may be unsuccessfully treated* Corresponding author. Tel.: +1 904 953 7104; fax: +1 904 953 0757.
E-mail address: Shih.Jerry@mayo.edu (J.J. Shih).
1059-1311/$ – see front matter  2010 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2010.11.023with anticonvulsantmedications for years, increasing their risk of
morbidity while leaving their primary disorder untreated. Linzer
et al. report 12 patients diagnosed with epilepsy who subse-
quently were found to have either arrhythmias or neurally
mediated syncope.15 There have been other case reports13,16 and
case series17–22 documenting patients previously diagnosed with
epilepsy who turn out to have cardiac etiologies. However, it is
unclear how common this problem is. Based on a study of patient-
controlled push-button activity during ambulatory EEG monitor-
ing, Tatum et al. report the incidental detection of signiﬁcant
brady- and tachyarrythmias without seizures in 4 of 502 (0.8%)
subjects.23
The prevalence of bradyarrhythmias in patients originally
thought to have epilepsy is unknown. We hypothesized that
asystole and bradyarrhythmias will be rare and found predomi-
nantly in the elderly. We studied a tertiary referral population to
determine the rate of clinically signiﬁcant asystole or bradyar-
rhythmias as the underlying diagnosis in patients being evaluated
for possible epilepsy in an inpatient EMU setting.
2. Methods
We retrospectively studied chart data from 1606 consecutive
patients admitted for video-EEG monitoring with concomitant
EKG at University of New Mexico Hospital (1230) from January
2000 to July 2005 and Mayo Clinic Florida (376) from Septembervier Ltd. All rights reserved.
Table 1
Patient age distribution by outcome.
Age range Non-epileptic events (NEE) Seizures Seizures and NEE No events captured Bradycardic events Total patients
0–9 146 102 3 96 2 349
10–19 100 73 4 89 0 266
20–29 94 63 4 38 0 199
30–39 101 50 1 50 0 202
40–49 111 41 5 41 1 199
50–59 91 22 0 24 0 137
60–69 20 13 2 17 0 52
70+ 15 5 0 8 1 29
Total 678 (47%) 369 (26%) 19 (1%) 363 (25%) 4 (0.3%) 1433
The column numbers represent the number of patients (not events) in each age range.
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with local IRB/HIPAA regulations. Both facilities are tertiary
referral centers serving local and regional populations. Patient
data included age, reason for the video-EEG referral, results of
video-EEG monitoring, results of EKG, and follow-up data for
patients with cardiac abnormalities. All video-EEGs were
recorded with concomitant single channel EKG. The length of
video-EEG study varied between 6 h and 17 dayswith the average
length of stay being 3.2 days. The standard admission protocol is
for anti-epilepticmedications to be tapered, although the rapidity
and extent of drugwithdrawal is at the discretion of the admitting
physician. One hundred seventy-three patients were excluded
from further analysis for one of the following reasons:
 Epilepsy surgery candidates with prior conﬁdent diagnosis of
epilepsy (n = 140). All patients had previously documented
electrographic seizures.
 Research study patients with conﬁdent diagnosis of epilepsy
(n = 17), who met criteria for entrance into epilepsy drug or
device clinical trials.
 Data results unavailable (n = 16).
A total of 1433 patients were included for ﬁnal analysis. All
included patients were admitted with a diagnosis of ‘‘possible
seizures’’. EEG data during prolonged monitoring were reviewed
by visual analysis by a board certiﬁed epileptologist and by
automated spike detection software analysis.Table 2
Patient characteristics.
Pt # Age Gen. Age of
onset and Dx
Freq. of
events
# of AED’s
tried
Outpatient
studies
1 49 y M 10 y 4/y 2 EEG, MRI, and EKG: NL
2 76 y F 68 y Monthly 6 EEG: L temporal sharp
waves; MRI: white matt
ischemic dis; MRA:
L internal carotid stenos
24-h holter mon.: NL;
cardiac catheterization:
NL, L vent. fx and
hemodynamics
3 2.5 y M 5.5 m Daily 1 EEG: sharp waves; MRI:
NL; 2D-Echo: atrial sept
defect, mod. pulmonary
hypertension
4 5 m F 2 m Daily 0 EEG and MRI: NL 2D-Ec
thin septum
y, years; m, month;M, male; F, female; EEG; electroencephalogram;MRI, magnetic reson
Echo, echocardiogram; NL, normal; dis, disease; fx, function; mod, moderate; HTN, hyp3. Results
43% of subjects were under age 20 (Table 1). About 10% of
subjects were over age 50. A total of four subjects were diagnosed
with clinically signiﬁcant asystole or bradyarrhythmias (Table 2).
The rate of signiﬁcant cardiac arrhythmias in this group of patients
admitted for video-EEG monitoring to characterize paroxysmal
seizure-like spells is 0.3%. This rate precludes in-depth statistical
analysis, but each case contains illustrative information.
3.1. Illustrative cases
Case 1 is a 49 year-old male with a diagnosis of seizures since
age 10. He lost consciousness at church and had a witnessed
‘‘convulsion’’. He was placed on phenytoin from age 10 to 30 with
rare breakthrough episodes. He stopped his anticonvulsant
medication and continued to have rare events. In 2002, he had
an episode at a golf course, fell, and sustained a head laceration.
Phenytoin was restarted. He began having clusters of events every
3–6 months and levetiracetam was added. The patient described
an aura of hot feeling in the head. His wife stated that he would
stiffen, tilt his head to the right, roll his eyes back, and ﬂex at the
wrists and elbows. Prolonged video-EEG captured two episodes of
asystole lasting 26 and 31 s. Electrographic seizure activitywas not
associated with either of these episodes. During both episodes, the
patient tonically extended his neck, ﬂexed slightly at thewrists and
elbows and had brief jerking movements of the upper extremities.Medical comorbidity Treatment Follow-up Outcome
Alcohol use; basal
cell cancer
Cardiac pacemaker 2 y Event-free
er,
is;
HTN; Diverticulosis;
mild coronary artery
disease
Cardiac pacemaker 1 y Event-free
al
Low-birth weight;
Mobius synd;
chronic lung dis.
Improved
pulmonary
hygiene
1.5 y Intermittent
desaturation
with bradycardia
ho: Maternal gestational
diabetes
N/A N/A Expired
ance imaging; EKG, electrocardiogram;MRA, magnetic resonance angiography; 2D-
ertension; synd, syndrome; N/A, not applicable.
[()TD$FIG]
Fig. 1. Two segments from the same event during EpilepsyMonitoring Unit study demonstrating signiﬁcant bradycardia associatedwith clinical arousal from sleep. (a) An 80-
s segment showing bradycardia leading to arousal from sleep. (b) The ﬁrst 32 s of (a) demonstrating the lack of epileptiform activity associated with this event. Each division
equals 1 s in both segments.
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surroundings within 10 s after recovery of baseline cardiac rhythm
(videoclip appended). A cardiac pacemaker was implanted and his
antiepileptic medications were discontinued. He was event-free at
two year follow-up.
Case 2 is a 76 year-old female diagnosed with complex partial
seizures at age 68. Her episodes were characterized by atonia, eyesrolling back, and lack of post-ictal confusion. Each episode lasted
about 40 s before she regained awareness. Her husband denied
ever seeing lip-smacking movements, dystonic upper extremity
posturing or hand automatisms. An extensive cardiac evaluation
including 2D echocardiography, 24-h holter monitoring and
cardiac catheterization was remarkable only for mild to moderate
coronary artery disease. An outpatient EEG in her local community
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six anticonvulsant regimens but continued to experience 1–2
episodes per month. She was referred to our facility for further
evaluation. We performed prolonged video-EEG monitoring and
captured two events of signiﬁcant bradycardia down to 20 beats
per minute and associated with arousal from deep sleep (Fig. 1a
and b). No electrographic ictal discharges occurred at the time of
events, thus ictal bradycardia was unlikely. A loop monitor was
implanted as an outpatient and documented a 45-s episode of
bradycardia with a 20-s span of asystole during one of her
stereotyped clinical events (Fig. 2a and b). A cardiac pacemaker
was implanted. The patient was event-free at one-year follow-up.
Case 3 is a two and a half year old male with dysmorphic
features and multiple medical problems including chronic
pulmonary disease requiring home mechanical ventilation who
was admitted for prolonged video-EEG monitoring to determine
the etiology of his convulsions. The patientwas given a diagnosis of
epilepsy at ﬁve and a half months after witnessed convulsions at a
local community hospital. An inpatient routine EEG during that
initial hospitalization was interpreted as showing sharp waves,
and the patient was placed on phenobarbital. Despite therapeutic
phenobarbital serum levels, the patient continued to have daily
events. He was referred to our facility for further evaluation. The
pediatric epileptologist ordered a prolonged video-EEG study
which captured multiple episodes of limb stiffening and head
extension associated with bradycardia and acute desaturation.
These episodes were identiﬁed by parents as typical for his
‘‘seizures’’. The EEG showed polymorphic delta frequency slowing
during the events; no ictal patterns were seen. An improved[()TD$FIG]
Fig. 2. 45-s episode of bradycardia with a 20-s span of asystole documented on loop
monitor during one of the patient’s stereotyped clinical events.pulmonary hygiene regimen was instituted, and the frequency of
events decreased signiﬁcantly.
Case 4 is a ﬁve month old female who was evaluated for
possible epilepsy. At two months old, she began having 10–30 s
episodes consisting of behavioral arrest, brief 4-extremity tonic
stiffening and breath-holding. Immediately after the event, the
patient was irritable and less responsive. Other than maternal
gestational diabetes and one-week prematurity, the patient was
the product of a normal pregnancy and delivery. A cardiac
evaluation documented a normal cardiac silhouette and normal
ventricular size. A comment was made on 2D echocardiography of
a thin interventricular septum, but no arrhythmias were noted.
Outpatient neurological evaluation was normal. The patient was
admitted for prolonged video-EEGmonitoring to rule out epilepsy.
She had an event which began with brief behavioral arrest, crying,
and followed by brief bilateral upper extremity tonic stiffening.
She continued to cry and move her extremities asynchronously
before becoming ﬂaccid. The EKG channel showed cardiac asystole
prior to any behavioral change. The ﬁrst EEG change occurred after
15 s of asystole and consisted of frontally predominant high
amplitude polymorphic delta frequency activity. No ictal patterns
were seen. The patient could not be resuscitated from this event
and expired.
4. Discussion
Our study of 1433 patients found that 0.3% of patients admitted
to a tertiary center for video-EEG monitoring had cardiac
arrhythmias which caused their paroxysmal episodes of altered
responsiveness. While ictal arrhythmias have been well described,
less is known about primary arrhythmias unrelated to epileptic
activity that cause seizure-like clinical manifestations. Our four
patient cases emphasize the fact that while non-ictal bradyar-
rhythmias and asystole are uncommon causes of seizure-like
events, this diagnostic possibility needs to be considered in
patients with atypical presentations for epilepsy or who are
refractory to anticonvulsants. Patient 1 had been diagnosed with
epilepsy for 39 years before his asystolic episodes were captured
on video-EEG. Patient 2 tried six anticonvulsants over eight years
before her cardiac diagnosis was established.
For two of the four patients, the initial diagnosis of epilepsywas
made after outpatient EEGs were interpreted as showing sharp
waves. No deﬁnitive pathologic epileptiform discharges were
found in our studies, which lasted between 1 and 4 days. We could
not independently review the initial EEGs interpreted as showing
sharp waves, and thus cannot verify whether the waveforms were
pathologically epileptiform. However, Benbadis and Tatum and
Krauss et al. have demonstrated how benign variants such as
wicket waves may be misinterpreted as epileptogenic sharp
waves.24,25 Thus, the presence of an abnormal EEG report should
not dissuade one from pursuing further evaluation if the spells
remain refractory to anticonvulsant therapy.
Our cases also point to the importance of having prolonged
monitoring and concomitant video and electrocardiographic data.
Loopmonitorsmay detect the bradyarrhythmia, but do not answer
the question of whether there is concomitant epileptic activity.
Kasim et al. report a case of pacemaker implantation for a patient
with ictal bradycardia, whose spells resolved only after subsequent
evaluation revealed seizures and the patient was started on
oxcarbazepine.26 Ambulatory EEG records EEG and EKG activity,
but electrographic data quality may be suboptimal and often no
video is available to characterize the clinical manifestations.
The clinical episodes captured during the monitoring of Patient
1 highlight howa cardiac arrhythmiamay bemistaken for epileptic
seizures. The patient exhibits stiffening of the extremities followed
by brief rhythmic jerking movements and unresponsiveness. He
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verbal output indicates a level of cognitive awareness not usually
seen after complex partial seizures. This type of tonic posturing
associated with cerebral hypoperfusion has been previously
described.27,28
We hypothesized that the prevalence of bradyarrhythmias
and asystole would be low and primarily in the elderly
population. This was due to our belief that cardiac disease
would be more prevalent in older people. Symptomatic
bradycardia, for example, is common in the elderly. The
incidence of sinus node dysfunction (sick sinus syndrome), a
frequent cause of symptomatic bradycardia, is 1 in 600 adults
over the age of 65 (0.2%). However, two of our cases were
pediatric and the third began having episodes at the age of ten.
This ﬁnding indicates that cardiac arrhythmias manifesting as
seizure-like episodes are likely more common in the pediatric
age group than previously thought. The fact that cardiac
arrhythmias manifesting as seizure-like episodes would present
in both childhood and adulthood should not be surprising as the
incidence of cardiac disease is the highest in the pediatric and
elderly populations.29–31 Similarly, the incidence of sudden
cardiac death displays 2 peaks: one between birth and 6 months,
and the other between 45 and 75 years of age.32 This age-related
incidence mirrors what is seen in epilepsy.33
In Linzer et al.’s case series of 12 patients, one-third of the
patients were pediatric cases.15 Three of ten patients with
cardiac arrhythmias masquerading as epilepsy seen by Schott
were children.27 However, it is unclear what ages the Linzer
study drew from, and Schott’s study examined patients aged 13–
70. In a study by MacCormick et al., 5 of 13 patients with
delayed recognition of long QT syndrome were misdiagnosed as
having a seizure disorder.13 The average delay in diagnosis was
9.75 years and signiﬁcantly longer than other misdiagnoses.
Recent literature documents arrhythmias associated with
Brugada syndrome and long QT syndrome as potential etiologies
of paroxysmal events mimicking seizures in both children and
adults.13,18,34,35
Our study would be strengthened by a prospective design. A
small number of cases (n = 16) were excluded from review because
of a lack of information allowing us to accurately categorize them.
Also, the analysis included 363 patients who did not have a typical
clinical event during the video-EEG study. Therefore the current
study design might underestimate the actual incidence of cardiac
arrhythmias mimicking epilepsy. If we analyze only subjects who
had captured events, the incidence of non-ictal bradyarrhythmias
is 4/1070 (0.4%).
Our results are unlikely to be reﬂective of the general
population as patients referred to our tertiary epilepsy monitoring
units are a small and speciﬁc subset of the population. Patients
with bradyarrythmias are usually diagnosed during their outpa-
tient cardiac evaluation and never see neurologists or epileptol-
ogists. Some with normal initial cardiac evaluations are
subsequently diagnosed with loop monitor studies or invasive
electrophysiologic studies. Our study suggests that bradyarryth-
mia patients with normal cardiac evaluations and convulsive
symptomology are the most likely to be admitted for epilepsy
monitoring.
The prevalence of patients admitted for video-EEG monitoring
who are ultimately diagnosedwith asystole and bradyarrhythmias
not associated with epilepsy is very low. However, the lack of
timely diagnosis can be fatal. Clinically signiﬁcant cardiac
arrhythmias should be considered in patients with atypical
presentations for seizures, especially in the pediatric age group.
Further prospective studies are needed to clarify what risk factors
may predispose patients with bradyarrhythmias to present with
convulsions.Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.seizure.2010.11.023.
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